INTRODUCTION
The prevalence of obesity has increased dramatically over recent decades and approximately one-third of the adult population of the United States today are obese. 1 It is well established that obesity is associated with an increased risk of type 2 diabetes, hypertension and cardiovascular disease, [2] [3] [4] [5] all of which may be involved in the etiology of chronic kidney disease. In addition, there is increasing evidence that obesity is an independent risk factor for chronic kidney disease. 6, 7 Albuminuria is a well-accepted predictor of chronic kidney disease 8, 9 and the prevalence of albuminuria is increased in obese individuals. 10, 11 One suggested link between obesity and albuminuria is increased intraabdominal pressure caused by increased amounts of visceral adipose tissue, resulting in venous stasis of the kidneys. [12] [13] [14] Lifestyle changes that reduce body weight are known to reduce albuminuria. 15 Bariatric surgery is the most effective treatment to achieve and maintain weight loss in severely obese patients, 16 and previous studies indicate that weight-loss surgery also reduces the prevalence of albuminuria. [17] [18] [19] [20] [21] [22] In a small study by Iaconelli et al., 17 seven patients with microalbuminuria at baseline had recovered from albuminuria and 15 patients remained free from albuminuria 10 years after biliopancreatic diversion, whereas the prevalence of albuminuria had increased in the non-surgical control group. However, there are no reports that specifically examine the longterm effect of bariatric surgery on the prevention of albuminuria in obese individuals without albuminuria at baseline.
The SOS study is a non-randomized, prospective, controlled, intervention trial that compares the long-term effects of bariatric surgery and usual care in obese subjects. We have previously reported positive effects of bariatric surgery on overall mortality (the predefined primary endpoint of the SOS study), cardiovascular disease and diabetes (predefined secondary endpoints).
criteria were age between 37 and 60 years and body mass index (BMI) of 34 kg m 2 or more for men and 38 kg m 2 or more for women. The exclusion criteria were the same in both groups and designed to obtain an operable surgery group.
For the current analysis, SOS study participants were excluded from if they had albuminuria at baseline (n = 811), if baseline information on diabetes or hypertension status (n = 12), urine sample (n = 31) or urinary albumin concentration (n = 8) were not available or if urine collection time was shorter than 20 h (n = 77). The current analysis therefore includes 1498 patients who underwent bariatric surgery and 1610 controls (Table 1) . Participants in the surgery group underwent nonadjustable or adjustable banding (18%), vertical banded gastroplasty (69%) or gastric bypass (13%). The participants in the control group were given conventional non-surgical treatment for obesity at their primary health care centers. No attempt was made to standardize the non-surgical treatment.
Data collection and definitions
The baseline examination took place approximately 4 weeks before the date of bariatric surgery for both the surgery patients and the controls. Physical examination was undertaken at the baseline examination and after 0.5, 1, 2, 3, 4, 6, 8, 10 and 15 years. Fasting blood samples and 24 h urine collections were obtained and biochemical assays were performed at the baseline visit and after 2, 10 and 15 years at the Central Laboratory, Sahlgrenska University Hospital, Gothenburg, Sweden (accredited according to European Norm 45001). The 24-h urine collection was performed at home according to detailed instructions. Urinary albumin excretion was calculated based on the 24-h urine collection, according to the formula: (urine albumin concentration (mg l − 1 ) × urine volume (l))/urine collection time (min) and expressed as mg per 24 h. Albuminuria was defined as urinary albumin excretion of 30 mg/24 h or more (corresponding to 20 μg/min or more). 27 Impaired fasting glucose was defined as fasting blood glucose of at least 90 mg dl − 1 and less than 110 mg dl
(corresponding to fasting blood glucose of 5.0 mmol l − 1 or more and less than 6.1 mmol l − 1 ). Type 2 diabetes was defined as fasting blood glucose of 110 mg dl − 1 or more (corresponding to 6.1 mmol l − 1 or more) and/or therapy with glucose-lowering medications. 28, 29 Hypertension was defined as systolic blood pressure of at least 140 mm Hg or diastolic blood pressure of at least 90 mm Hg or treatment with antihypertensive medication. 30 The sagittal diameter, measured as the distance between the examination table and a carpenter's level held horizontally across the abdomen at the level of the iliac crest, was used as an index of intraabdominal pressure and visceral adiposity. 12 The relevant regional ethics review boards in Sweden approved the study protocol and informed consent was obtained from all participants. The study has been registered at ClinicalTrials.gov (NCT01479452).
Statistical analyses
Mean values, with s.d. and percentages were used to describe the baseline characteristics. Baseline differences between treatment groups were evaluated by using t-tests for continuous variables and Fisher's exact text for categorical variables. Participants were followed up either until the diagnosis of albuminuria, or until their last follow-up examination, whichever occurred first. Those without albuminuria during follow-up were thus censored at their last follow-up visit.
Time to albuminuria diagnosis was compared between the bariatric surgery and control groups with Kaplan-Meier estimates of cumulative incidence rates. The log-rank test was used to examine differences in the cumulative incidence. The hazard ratio from a Cox proportional-hazards model with a single covariate for treatment group (surgery or control) was calculated. In addition, hazard ratios were calculated adjusted for age, gender, waist hip ratio, sagittal diameter, diabetes, hypertension, triglycerides and albumin excretion at baseline using a multivariate Cox regression model.
In secondary subgroup analyses, the cumulative incidence of albuminuria was calculated separately in subgroups defined according to baseline parameters. The association between risk factors and the effect of bariatric surgery on the development of albuminuria was tested by including the corresponding interaction term in the Cox proportional hazard regression model. In these calculations, dichotomous variables could have one of the two values (for example, male or female sex). For other traits, the interaction tests were conducted using the original continuous variable, dichotomised based on median baseline values. A total of 18 post hoc treatment interaction analyses were performed.
The number needed to treat to prevent the development of albuminuria in one patient at 10 years was calculated in different subgroups as the reciprocal of the absolute risk difference between the bariatric surgery and control groups.
All P-values are two-tailed and Po0.05 was considered to be statistically significant. In all calculations, the intention-to-treat principle was applied. The Stata statistical package, version 10.1 (StataCorp, College Station, TX, USA), was used. 
RESULTS
Baseline characteristics, follow-up rates and weight changes during follow-up Characteristics of the SOS participants included in this report are shown in Table 1 . For most of the baseline characteristics, participants in the surgery group were more metabolically deranged than the controls. At baseline, mean BMI was higher in the bariatric surgery group compared with the control group, and the surgery group had a higher proportion of individuals with risk factors for albuminuria (type 2 diabetes, hypertension and smokers) compared with the control group. The median follow-up time in this analysis was 10 years (interquartile range 2 to 10 years, maximum 15 years). After adjustment for mortality, the rates of follow-up were 87% at 2 years and 74% at 10 years. After adjustment, also for those patients who had not yet been followed for 15 years at the time of analysis, the follow-up rate was 52% at 15 years.
No significant weight loss was observed in the control group during 15 years of follow-up (Figure 1 ). In contrast, the average weight loss in the bariatric surgery group was 25% after 1 year. After partial weight regain, the average weight loss at 15 years was 16% (Figure 1 ; Po 0.001 vs controls). At all the time points we examined, the weight loss was greater after gastric bypass than after banding or vertical banded gastroplasty (Supplementary Figure 1) .
Incidence of albuminuria During the follow-up period, albuminuria developed in 246 patients in the control group and 126 patients in the bariatric surgery group (Figure 2a) , corresponding to incidence rates of 20.4 cases (95% confidence interva (CI), 18.0 to 23.2) and 9.4 cases (95% CI, 7.9 to 11.2) per 1000 person years, respectively (log-rank P o0.001; unadjusted hazard ratio = 0.46, 95% CI, 0.37-0.57). After adjustment for confounding baseline factors (age, gender, BMI, sagittal diameter, diabetes, hypertension, triglycerides and urinary albumin excretion), the hazard ratio was 0.37 (Table 2 ).
Subgroup analysis All three types of bariatric surgery were associated with a reduced incidence of albuminuria compared with usual care (P ⩽ 0.001; Figure 2b ). Within the surgery group, the hazard ratios for albuminuria in the banding and vertical banded gastroplasty groups as compared with the GBP group were 1.62 (95% CI 0.78-3.34, P = 0.19) and 1.54 (95% CI 0.80-2.94, P = 0.20), respectively (Figure 2b) . The non-significant P-values remained after exclusion of patients in the banding and vertical banded gastroplasty groups who were converted to GBP during follow-up. However, it should be noted that the number of events in these analyses were low, affecting the power of the tests.
The incidence of albuminuria in subgroups defined according to baseline parameters and interactions between baseline risk factors and treatment are shown in Table 3 . In the control group, many high-risk subgroups (for example, male sex, diabetes, hypertension, high sagittal diameter, high insulin, high glucose, high urine albumin excretion) had a higher incidence of albuminuria than the corresponding low-risk subgroups (Panel A in Table 3 ).
The association between bariatric surgery and reduced incidence of albuminuria was significant in all subgroups with hazard ratios ranging from 0.35 to 0.55 (Panel B in Table 3 ). However, the relative treatment effects of bariatric surgery were Hazard Ratio (95% CI) P value Albuminuria incidence Figure 2 . Kaplan-Meier estimates of cumulative incidence of albuminuria in the control group compared with the entire surgery group (a) and to the surgery group plotted according to the method of bariatric surgery (b). Albuminuria was defined as urinary albumin excretion equal to or above 30 mg per 24 h or more. The unadjusted hazard ratio and the 95% CI are shown in the figure using the control group as reference. Abbreviation: U-albumin, urine albumin. The adjusted hazard ratios were calculated with the use of a multivariable Cox proportional hazard regression model. The hazard ratios for continuous variables are expressed per 1 s.d. difference at baseline in the study population. Table 3 ). The estimated number needed to treat to prevent one case of albuminuria over 10 years in the entire study group was 9 (95% CI 7.1-12.5; Panel C in Table 3) . A difference in the number needed to treat between subgroups defined by baseline factors was found when the SOS cohort was subdivided by median baseline urine albumin excretion (9.3 mg per 24 h), serum triglycerides (154 mg dl − 1 ), diabetes and sex. In individuals with baseline urine albumin excretion below or equal to the median, the number needed to treat was fourfold higher than in individuals with albumin excretion rates greater than median at baseline (Panel C in Table 3 ).
DISCUSSION
In the current report, we examined the long-term effects of bariatric surgery on albumin excretion in patients without albuminuria at study start. Our results show that bariatric surgery is associated with more than 50% lower incidence of albuminuria compared with conventional obesity treatment. Although gastric bypass resulted in greater weight loss, the preventive effect on albuminuria was not different compared with the restrictive procedures but this should be interpreted with caution because the SOS study was not designed to detect such differences. In the whole cohort, surgical treatment of nine patients was needed to prevent the development of albuminuria in one patient at 10 years. However, in some high-risk subgroups (men, diabetics and participants with high triglyceride levels or high urinary albumin excretion at study start), the number of surgeries needed to prevent the development of albuminuria in one patient was lower than in the corresponding low-risk groups. In these high-risk groups, one case of albuminuria was prevented for every four to six surgeries. It should also be noted that, although all participants in this study were free from albuminuria (baseline urinary albumin excretion less than 30 mg per 24 h), baseline urine albumin excretion above the median (9.3 mg per 24 h) was associated with increased progression to albuminuria.
The mechanisms behind the beneficial effects of bariatric surgery on albuminuria are largely unknown. Obesity per se is an independent risk factor for renal disease 6, 7 and is associated with hemodynamic, structural and functional changes of the kidney as well as increased albuminuria. 6, 31 In addition, metabolic syndrome, diabetes and hypertension, well established as major causes of chronic kidney disease, 32 are closely associated with obesity.
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The effect of bariatric surgery on albuminuria incidence may be mediated by the improvement of several risk factors for this condition (for example, diabetes, hypertension and metabolic syndrome). It has also been shown that western style diet with high content of sodium, fat and protein from red meat increases the risk of chronic kidney disease. 33 It is therefore possible that the dramatic reduction in food intake after bariatric surgery protects against kidney damage and contributes to the reduced incidence of albuminuria in our study.
Interestingly, although obesity is associated with increased risk for albuminuria, 10, 11 the incidence of albuminuria in the control Incidence of albuminuria after bariatric surgery LMS Carlsson et al group during the 15-year follow-up was almost identical in subjects with baseline BMI above and below the median in the SOS cohort. In contrast, albuminuria incidence in the control group was higher in individuals with high sagittal diameter, a marker for visceral fat and intraabdominal pressure. 12 In addition, higher baseline fasting insulin, glucose and triglycerides and lower HDL cholesterol were associated with increased albuminuria incidence in the control group, indicating that metabolic parameters rather than BMI are predictors of an increased incidence of albuminuria among obese individuals. Obesity is characterized by a varying degree of resistance to the physiological effect of insulin. Recent observations suggest that insulin signaling in podocytes, cells having a pivotal role in kidney filtration, contributes to albuminuria. [34] [35] [36] This could potentially explain why albuminuria incidence is associated with metabolic features rather than with BMI per se in the control group in the present study. Our results also show that the effect of bariatric surgery on albuminuria incidence was similar for subgroups with high and low BMI at baseline. This is in line with our earlier observations that baseline BMI does not predict the treatment benefit of bariatric surgery in obese subjects. 24, 25, 37 A limitation of this study is that intervention in the SOS study was not randomized owing to ethical considerations related to the high postoperative mortality associated with bariatric surgery in the 1980s. 38 In addition, there were baseline differences between the surgery and control groups in the subgroup of the original SOS cohort used for the current study. However, the risk factors were worse in the surgery group compared with the control group, and, if anything, our data may therefore underestimate the effects of surgery compared with conventional management. Another limitation is that the SOS study was not primarily designed to assess the effect of bariatric surgery on albuminuria incidence; nonetheless all the analyzed variables were collected prospectively. Further longitudinal randomized-controlled trials are therefore warranted to confirm our results. A strength of the study is that albuminuria measurement was based on a 24 h urine collection. This method is a more reliable way to assess albuminuria in morbidly obese individuals compared with other parameters (for example, albumin-to-creatinine ratio). 39 As the collection was performed by the patients, there is a risk of over-or under collection of 24 h urine; however, this is likely to affect both treatment groups.
In conclusion, our results show for the first time that bariatric surgery is associated with reduced long-term incidence of albuminuria in obese individuals. Baseline BMI did not influence the incidence of albuminuria in the conventionally treated control group or the treatment benefit in the surgery group.
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